Ten years after the Human Genome Project, medicine is still waiting for many of the promised benefits, and experts have tempered their high expectations. Public opinion on genetic testing has generally been favourable but is this still the case? The aim of this study is to compare public experiences, beliefs and expectations concerning genetic testing over the years (2002 vs 2010). A cross-sectional questionnaire survey was conducted using the Dutch Health Care Consumer Panel in 2002 and 2010. Responses to questions in identical wording were compared. In 2002 and 2010, 817 (63%) and 978 (70%) members responded, respectively. Awareness and reported use of genetic tests remained stable over time. In 2010, more respondents expected genetic testing to become more widely applied, believed that knowledge about the genetic background of disease helps people live longer, and that testing should be promoted more intensively. In 2010, they were also more interested in their own genetic make-up. On the one hand, the concern that a dichotomy would emerge between people with 'good genes' and 'bad genes' was higher. On the other hand, respondents thought that insurance companies would be less likely to demand a genetic test in order to calculate health insurance premiums. In conclusion, the results suggest that in 8 years, expectations of benefits and potential use of genetic testing have been raised among the public, resulting in more positive opinions. Worries on inequity remain, although worries about premium differentiation by insurance companies have decreased.
INTRODUCTION
Over the past 10 years, 'Gene discovered fory' was a constantly recurring announcement in public media, signalling both the expanding knowledge about genes as the underlying cause for disease and the possibilities for genetic testing. Owing to the rapid developments in genomics, the number of diseases for which testing is available have increased sharply (www.Genereviews.org), including direct-to-consumer (DTC) through the internet. 1 More tests are thus becoming available in healthcare and the public sphere. Ten years after the Human Genome Project, however, most of the promised benefits in terms of prevention, diagnosis and treatment of diseases, in particular with regard to complex diseases, have not materialised in medicine. It has been suggested that genomics is frequently hyped, not only by the media, but also as a result of commercialisation and translation pressure by, for example, funding agencies, and publication pressure on scientists themselves. 2 The scientific community has expressed doubts about the real value of genomics for healthcare, 3 and physicians feel far from ready to integrate genomic medical applications into their practice. 4 Little is known about how the rapid genetic developments in the past -characterised as hope, hype and scepticism -have shaped public views on genetics. Understanding people's attitudes and beliefs may help guide communication efforts by exposing misunderstandings, gaps in knowledge and concerns. Moreover, research on attitudes and expectations of genetic information is considered important because of the need to establish genetic services that are accepted by the public and that are in accordance with people's needs. 5, 6 Public opinion on genetics is generally favourable, although it seems to depend on the type of application and what it is used for. Overall, technologies that lead to the detection and treatment of disease are considered valuable. 7 Moreover, even for diseases with limited clinical utility of testing, for example, psychiatric disorders, it has been shown that the public is highly favourable towards testing. 8 Attitudes towards genetic testing where there is thus potential for individuals to use the information for their own health benefit or personal utility are generally positive. 9, 10 Conversely, technologies that aim to change 'natural' processes are less accepted. 5, 7, 11 This more adverse response has been seen in the case of biotechnologies such as genetically modified (GM) food, 7 human cloning 11, 12 and gene therapy. 11 Attitudes towards genetic testing vary with age, gender and educational level. Overall, younger people seem to show a higher interest in genetic testing, [13] [14] [15] and have more positive attitudes. 13, 16 Men seem to have more positive attitudes towards testing, 10,13 but some studies have indicated that women are more knowledgeable on genetics. 17, 18 Higher levels of genetic knowledge, mostly among those with higher education, are associated with a more favourable attitude towards genetics in some studies, 16, 19 but this association was not found in others. 10, 13 The relationship between knowledge and support of testing seems more complex, because more knowledge may translate to a less perceived benefit of testing. 5, 20, 21 Moreover, more detailed information on the application of genetic tests may result in more concern and ambivalence. 6, 8 Although changes of attitudes and beliefs towards genetic testing have been studied in patient groups, 22 as have changes in attitudes concerning biotechnology in general among the public, 23 studies of attitudinal changes towards genetic testing among the public are relatively scarce. The studies that have been performed include an analysis of the response to only a few questions, 24 or cover only a short time period. 12 Our study covers a longer and interesting time period; from 2002 to 2010. The year 2002 marked the hopeful launch of the 'book of life' , and it was still expected that genetics would contribute to the understanding, prevention and cure of many diseases. 25 In 2010, it was 10 years after decoding the human genome. Among professionals, most of the expectations that had previously been raised were now tempered. With the increasing knowledge about genetics and the possibilities of genetic testing to predict disease, accompanied with media attention, public opinion towards genetic testing may have changed and may continue to change as well. The question is whether the general public is less or more positive about genetic testing, and whether more use of genetic tests has actually been made over the years, especially with the increasing attention being paid to DTC genetic testing, 1 and with genetic screening (eg, neonatal screening, prenatal screening) becoming more widespread. 26 This study determines in what way experiences with genetic tests, beliefs and expectations towards the availability, use and consequences of genetic testing have changed over time by comparing responses among members of the public in 2010 with responses in 2002. 10, 18 
PARTICIPANTS AND METHODS

Participants and procedure
The data were gathered using a cross-sectional questionnaire survey conducted among members of a panel (the Dutch Health Care Consumer Panel) that was used in an earlier study in 2002. 10, 18 The Consumer Panel is managed by the Netherlands Institute for Health Services Research (ISO certified) and aims to measure, at a national level, opinions on and knowledge about healthcare and the expectations and experiences concerning healthcare. The total panel consists of approximately 6000 members aged 18 years and above. Every 3 years, one-third of the panel members are renewed. New members of the panel are sampled from the general population. The Dutch Health Care Consumer Panel is registered with the Dutch Data Protection Authority.
Questionnaires were sent to a selection of 1399 members in September 2010. This sample was considered representative of the Dutch population in terms of age and sex. Panel members did not receive a reminder when they did not respond to the initial invitation.
Measures
Questions from the 2002 questionnaire were again asked in the same wording. Additional questions were asked on (the governance of) preventive genomics and the role of family history and disease prevention, and these results will be presented elsewhere (Vermeulen, in preparation). Specific questions in this study addressed the following issues:
Experiences with hereditary diseases and tests. Familiarity with genetic diseases and genetic testing was derived from the responses to the questions (Table 2) : do you know anyone with a genetic disorder (self, in family or neighbourhood)? Had you heard or read about genetic testing before receiving this questionnaire (if yes, which genetic test)? Did you, your partner or child/ children ever have a genetic test (if yes, which one)?
Beliefs about genetic testing. Respondents were asked to indicate the extent to which they agreed with seven statements on perceived (personal) benefits of testing and assumed disadvantages of genetic testing ( Table 3 ). The answers were scored on a five-point Likert scale (1 ¼ completely disagree to 5 ¼ completely agree).
Attitude towards the availability and use of genetic tests was assessed using four statements shown in Table 4 . The answers were scored on a five-point Likert scale (1 ¼ completely disagree to 5 ¼ completely agree).
Expected consequences of medical genetic developments in the next 10-15 years were assessed using seven statements addressing the impact on society and anticipated use of genetic information ( Table 5 ). The answers were scored on a five-point scale (1 ¼ very unlikely to 5 ¼ very likely).
In addition to these questions, participants were asked to fill in their age, sex and highest level of education.
Data analyses
Descriptive statistics were used to describe the characteristics. Outcomes are presented in three answering categories ((completely) disagree/(very) unlikely vs not disagree, not agree/not unlikely, not likely vs (completely) agree/(very) likely). The data were compared with questionnaire data from the 2002 survey by testing for difference in variance between the groups and controlling for differences of respondent characteristics associated with outcomes between the cohorts using univariate analysis of variance. Differences in cohort characteristic were assessed with w2 tests. A P-value o0.05 was considered to indicate statistical significance. The statistical programme SPSS 15.0 (SPSS Inc., Chicago, IL, USA) for Windows was used for analysis.
RESULTS
Sample characteristics
Overall, in 2010 the response rate to the questionnaire was 70% (978/ 1399), compared with 63% (817/1308) in 2002. 18 Owing to incomplete questionnaires, 14 and 6 respondents were excluded from the analyses in 2010 and 2002, respectively. Non-responders were more likely to be younger (Po0.001). Table 1 The cohorts did not differ with respect to gender. In the subsequent analyses, the cohorts were controlled for differences in age and education level.
Experiences with genetic diseases and tests
Familiarity of the respondents with genetic diseases has not changed over the 8-year period. About one-third of the respondents in both years reported that they knew someone with a hereditary disease, and 13% and 14% reported that they themselves had a hereditary disease in 2002 and 2010, respectively. The percentage of people having heard of genetic testing and who reported having had a genetic test in both years was about the same (Table 2 ). Similar types of tests were mentioned in both years, with most respondents referring to cancer genetic tests followed by genetic testing for chromosomal defects (data not shown).
Beliefs about genetic testing
Respondents' beliefs about genetic testing are shown in Table 3 . Overall, when looking at both years, respondents' beliefs differed depending on their age and education. For example, those with lower education and older respondents more often believed that genetic tests deprive people's freedom to live as they want compared with higher educated (43% vs 32%, respectively, Po0.001) and younger respondents (41% vs 29%, respectively, P ¼ 0.014). Lower educated respondents more than higher educated respondents also believed that genetic testing is 'tampering with nature' (25% vs 10% respectively, Po0.001; data not shown).
After controlling for respondent characteristics (age and education), several differences in beliefs were found between responses of the panel respondents in 2002 and 2010. In 2010, respondents were more curious about their genetic make-up (P ¼ 0.001), and were more willing to know about diseases they might get in the future compared with 2002 (Po0.001). There was also an increase in the proportion of respondents (43% in 2002 vs 64% in 2010) expecting that knowledge about genetic background would help people to live longer (Po0.001). About the same proportion in both years wanted to know the risk of disease in order to prevent disease. Although in 2010, there was no change in the perception that genetic testing does more good than harm (P ¼ 0.083), fewer respondents considered genetic testing as 'tampering with nature' (Po0.001).
Attitudes toward the availability and use of genetic tests More respondents in 2010 believed that the use of genetic tests should be promoted (Po0.001), although 37% still believed that this should not be done (Table 4) . On average, fewer respondents believed that genetic testing should be offered to all pregnant women (P ¼ 0.043). About half of all respondents agreed that more money should be available for the development of genetic tests, and this proportion did not change in the 8 years considered (P ¼ 0.913).
Expected consequences of medical genetic developments
Respondents were asked about the expected consequences of the developments in medical genetics in the next 10-15 years. Overall, in comparison with 2002, respondents in 2010 anticipated more use of genetic information (Table 5) . They were more convinced that it would be common to have a genetic test (P ¼ 0.003), that we would all have a genetic passport (P ¼ 0.008), that future employees would have to have a genetic test before being employed (Po0.001) and that all children would be tested at a young age to find out what diseases they would get (Po0.001). The 2010 respondents also expected more frequently that a dichotomy in society would emerge between people with a 'good' genetic predisposition and people with a 'bad' one (Po0.001). However, the expectation that insurers would ask for a genetic test to determine the level of the premium had decreased since 2002 (P ¼ 0.042). Singer has shown that from 1990 till 2004, a period when the 'genomic revolution' was just emerging, awareness of genetic testing in the United States was steadily increasing. 24 Two other longitudinal studies in the Netherlands showed that from 2002 over a period of 2 years 22 to 3 years 12 follow-up, attitudes towards genetic testing and genetic knowledge had not changed much, probably due to the short time period. This study shows that although awareness of genetic testing has not increased at 8 years follow-up, that is, no more respondents claimed to have heard about genetic testing, people now expect more use of testing, hold more positive opinions, and fewer respondents believe that genetic testing is 'tampering with nature' .
DISCUSSION
The results suggest that the public does not share the tempered expectations that are expressed by professionals. 3 It has been argued that hype in science, as well as for genomics, may lead to a reduction in public trust. 2 In our study, more than half of the respondents agreed that more money should be made available for the development of genetic tests, and this percentage had not changed 27 and in particular toward the application in the screening, diagnosis and treatment of disease ('nanomedicine'). 28 It has also been shown that in contrast to more controversial biotechnological developments such as animal cloning and GM foods, higher levels of familiarity and engagement with nanotechnology over time significantly reduces worry. 29 The question remains how attitudes towards genetic testing are formed and changed. Earlier we have shown that people who are familiar with a genetic disease are more likely to support the availability and use of genetic tests. 10 More knowledge, however, does not automatically lead to more positive attitudes, as more critical reactions have been observed among those with the highest levels of knowledge. 20 In our study in 2002, no association between respondents' attitudes and genetic knowledge was found, and it was concluded that a negative attitude does not simply reflect a lack of understanding. 10 Overall, awareness of genetics is considered relatively high. 5 For example, it has been shown that people are aware that common chronic disorders, such as diabetes, have a multifactorial aetiology. 30 However, it has also been shown that the public has limited knowledge on how genetic risk factors influence the development of disease in particular in relation to other risk factors. 31 For example, in 2002, onethird of respondents believed that if a person has a genetic predisposition for a disease, this person will certainly get the disease. 18 In contrast to our study in 2002, in 2010 genetic knowledge was not assessed. Thus, we do not know whether knowledge has increased over the years in this particular group of respondents, and how it may or may not have influenced public attitudes.
We did not find any increase in the reported use of genetic testing for people themselves or their family members. One explanation may be that although more screening has become available (eg, neonatal, prenatal), these are often not perceived as 'genetic' tests. 18 Furthermore, most diagnostic tests are still available only to those people identified as having a priori high risk, because of, for example, Public attitudes towards genetic testing revisited L Henneman et al a positive family history. Finally, public use of DTC genetic testing is still limited. 1 There is, however, an increasing interest among the public in knowing one's predisposition to disease, as our study also suggested. Interest in genetic testing has been described, in particular also for multifactorial diseases in which the contribution of genes is rather low. 14, 15, 21 Increasing use of testing is thus expected, in particular with decreasing costs of testing. 14 We are now entering a new period in genetics as sequencing becomes cheaper and whole genome sequencing is being used in clinical care. 32, 33 Comparing the changing perspectives may show how the public thinks about genetics in healthcare and under which conditions it could be integrated. The data from this study acknowledge the call for more governmental action, in particular as we see that people not only expect more from genetic testing, they are also more worried about the societal impact in terms of a dichotomy between people with 'good genes' and 'bad genes' . The latter finding may be a reflection of what is taking place on a state level, namely the continuous shift and reform of the Dutch welfare state from collective solidarity towards individual responsibility. 34 It is noteworthy that worries about premium differentiation by insurance companies as a result of an increase in genetic testing have decreased since 2002. One explanation might be the implementation of a structural healthcare reform in the Netherlands in 2006, whose introduction terminated the dual system of private and public insurance for curative care. 35 A basic healthcare insurance package defined by the government is now mandatory for everyone living in the Netherlands and insurance companies must accept all applicants. Perhaps this makes respondents feel less worried about inequalities in access to health insurance. For life insurance, the experiences of covenants between stakeholders for HIV/AIDS and for familial hypercholesterolemia may have increased trust.
This study has several strengths and limitations. Public attitudes were addressed over a relatively long period of time; 2002-2010. In both years, the data were gathered among the members of one Dutch consumer panel, which can be considered strengths of the study, although all members are periodically replaced. The panel is asked to complete surveys that aim at healthcare-related subjects, which may have attracted those more interested in developments in this field. Therefore, they may possibly be more knowledgeable about healthcare, although this was similar in both years. The composition of the panel of respondents was different for the 2 years; in 2010, panel members were older and higher educated. These two factors (age and education) are known to be confounders and were thus controlled for in the analyses comparing 2002 and 2010. Furthermore, in both years, relatively more younger panel members did not respond to the questionnaire, and ethnic minorities, who may have a different view, 5 were underrepresented. For some questions in both years, responses were rather divided (not overly positive or negative). It has been shown that public attitudes are sometimes ambiguous, resulting from a coexistence of general support for testing on the one hand, and doubt and opposition for specific aspects of testing on the other hand. 36 A divided response could also mean lack of interest, lack of acquaintance with the subject or confusion about the question. In particular, those with low level of knowledge may have had difficulty to take a stance. 20 Moreover, it remains unknown whether respondents interpreted the questions in the same way as in 2002, considering that circumstances have changed. In addition, questions were presented in a different context because also some new questions were added to the questionnaire in 2010. Finally, this study only addresses public attitudes in the Netherlands, and results cannot be seen as being representative for other European countries. The response to certain questions may be influenced by specific changes in Dutch society (eg, insurance practice). Earlier research has also shown that the Netherlands has a relatively positive attitude towards biotechnology including genetic testing, 7 and it was suggested that this may have to do with relatively high public trust in government, and the media presenting a rather balanced view on biotechnology. 37 However, many similarities with global developments are evident, and trends described in this study may thus be seen elsewhere.
In conclusion, this study suggests that although experiences and awareness did not increase over an 8-year time period, the rapid genetic developments resulted in increased expectations among the public and more positive views. The tempered expectations that were observed among experts are not evident among the public. The public expects genetic testing to become even more common and more accepted. The public is aware that genetic testing may potentially be beneficial for them, but worries about downsides, in particular for society, are also expressed. As genetic services are becoming increasingly available and more relevant to mainstream healthcare, these results are of interest to both health care professionals working in the field of genetics, and to non-genetic medical specialists, primary care and community health workers, policy makers and researchers. From these results, we can conclude that advances in genetic testing will probably not meet public opposition. Responsible dialogue with the public regarding the possible societal consequences of genetic testing, such as inequity, as well as promoting policies addressing these potential negative social consequences seems advisable. 
